Introduction {#S0001}
============

Contaminant exposure assessment provides key insights on the environmental determinants of health at local, regional, national and global levels. Biomonitoring measures human exposure to chemical substances using biological samples \[[1](#CIT0001)\]. Biomonitoring projects have shown that contaminant and nutrient exposure is spatially and temporally dependent \[[2](#CIT0002)\]. It can be influenced by both natural and anthropogenic factors that affect air and water quality, as well as the integrity of locally harvested food sources.

In remote subarctic Indigenous (First Nations, Métis and Inuit) communities of the Northwest Territories (NTs), Canada, the ongoing reliance on country foods (ie locally harvested land mammals, fish, birds and plants) is associated with improved nutrition, food security and lower rates of chronic disease \[[3](#CIT0003)--[5](#CIT0005)\]. Country foods in some Dene communities were previously estimated to provide up to 32% of the daily energy of adults, mainly through the frequent consumption of some locally harvested land animals (caribou, moose), birds (spruce hen, scoter, ptarmigan) and fish (whitefish, coney, trout, cisco, walleye, pike) \[[6](#CIT0006)\]. However, elevated fish mercury levels discovered in some lakes of the Mackenzie Valley Basin of the NT prompted the release of a series of food consumption notices that suggested people limit their consumption of predatory fish species, such as walleye, northern pike and lake trout from specific lakes in the region \[[7](#CIT0007)\]. Mercury is a heavy metal and chronic exposure to its organic complex (methylmercury) is associated with neurotoxicity and developmental toxicity \[[8](#CIT0008),[9](#CIT0009)\]. Furthermore, mercury concentrations in fish were observed to increase in this region in recent years \[[10](#CIT0010)\], and the local population wanted to better understand how to safely consume fish.

To address these concerns, a multi-year community-based biomonitoring project was developed to investigate current levels of contaminant exposure among participating First Nations communities of the Canadian subarctic in the NTs.

A community-based approach is dependant on the engagement of the community, and defined as those who are affected by the health issue, and also every group with a specific culture that can take the lead in engagement efforts and engage in joint action in a geographical location \[[11](#CIT0011)--[13](#CIT0013)\]. Community-based projects in the NTs usually focus on environmental monitoring (eg wildlife, contaminants, climate change) or Traditional Knowledge (TK) preservation \[[14](#CIT0014)--[20](#CIT0020)\]. Community-based approaches facilitate health programme implementation among Indigenous populations \[[21](#CIT0021)\], and are critical for the success of environmental health projects among Northern Indigenous populations \[[22](#CIT0022)\]. The involvement of Elders and local leaders is particularly important in the development of culturally relevant environmental health projects among such populations \[[23](#CIT0023)\]. As per the four critical elements of community-based projects \[[24](#CIT0024)\], communities (agents in a specific locality) were included as: i) the setting location, ii) the target group which experiences the health issue, iii) the agent vector and iv) the resource to create and implement the project.

The geographic scope of this study included First Nations communities in the Dehcho and Sahtú regions of the NTs. There are a series of existing environmental monitoring programmes active in these regions, such as the Aboriginal Aquatic Resource and Oceans Management (AAROM) \[[25](#CIT0025)\] programme helping Indigenous groups to participate in decision-making processes by capacity building and collaborative management and the Sahtù Environment Research and Monitoring (SERM) programme \[[26](#CIT0026)\], developing regional strategies to manage the land wisely and with respect to the local culture. The residents of communities within these regions are predominantly South Slavey and North Slavey Dene. Specifically, in these regions, more than 77% of residents are Indigenous \[[27](#CIT0027)\]. In collaboration with regional partners, the University research members contacted 13 Dene and Métis communities (Deh Gah Gotie, Liidlii Kue, West Point, Jean Marie River, Ka'a'gee Tu, Sambaa Ke, Pehdzeh Ki, Katlodeeche, Colville Lake, Déline, K'asho Got'ine, Norman Wells, and Tulít'a) to discuss the project. These communities collectively represent 19% of Indigenous residents of the NTs \[[27](#CIT0027)\]. Of the communities approached, nine accepted to participate in the biomonitoring project (see [Figure 1](#F0001)).10.1080/22423982.2018.1510714-F0001Figure 1.Northwest territories communities participating in the biomonitoring project in the Sahtú region (▼) and Dehcho region (▼).

The biomonitoring investigation discussed herein, which was designed in close collaboration with community leaders from participating First Nations of the Mackenzie Valley, included sampling of human hair, urine and blood, as well as the administration of three questionnaires. The methods and approaches taken in preparation, implementation and reporting of human biomonitoring research were adapted according to the unique regional and cultural characteristics of participating First Nations communities. The design of this community-based biomonitoring project, as well as the approaches taken to develop these procedures, is presented below. In addition to the local leadership, partners and local collaborators, an interdisciplinary team was assembled to assist the project, including experts in community-based research, human toxicology, ecotoxicology, exposure assessment, Indigenous environmental health, biology, human nutrition, lipidomics, epidemiology, risk perception and communication, and food security.

Community-based research process {#S0002}
================================

Funding and proposal {#S0002-S2001}
--------------------

The Dehcho First Nations (AAROM's programme manager) contacted the principal investigator's team in 2014 to get support to characterise the heath issue related to mercury advisories in the region. This was the first step of collaboration, leading to the development of the backbone of the biomonitoring project. Consultation within the region started before proposal submission, and included participation in local workshops, and the development of potential collaboration with local partners. Collaborators within the Dehcho (AAROM programme) conducted an environmental health survey that profiled participants' perspectives on the effect of advisories on fish consumption, interest in participating in a biomonitoring study and interest in receiving additional information related to country foods. Results of the survey provided information required to build the foundation of the community-based biomonitoring project in the Dehcho First Nations communities.

Community consultations {#S0002-S2002}
-----------------------

Given the time and care needed to foster meaningful relationships with local community leaders, public consultation and dialogues for the research began in 2014, approximately 2 years prior to collection of the first samples. Substantial differences among communities, in terms of population size, governance structures and capacity, meant that the length of the consultation period varied considerably from one community to another. Consultations helped ensure that community needs and priorities were being met through the research, and that the purpose and scope of the project were well characterised, and a confirmation from all parties of the process moving forward. The research team initiated collaborative knowledge exchanges and public consultations at least 6 months (and up to 24 months depending on community) prior to commencing the contaminant biomonitoring study in any given community. In addition to frequent teleconference and email conversations, the research team met at least twice with community leaders in person in the community before implementing the project. Within each participating community, face-to-face meetings with community leaders (including Chiefs, presidents of local councils, senior administrators and resource managers) as well as at least one public meeting took place. When the opportunity was presented, the research team introduced the project to community leaders during council meetings. This consultation period was the first step in an ongoing process to solidify relationships and contextualise the relevance and importance of the project for participating communities.

Through these consultation efforts, communities shared information regarding local history, specific contaminant issues and sensitive topics that should not be included within the project (eg genetic testing). We received comments on community members' expectations for how the results should be returned and sought feedback on the ways by which, at the end of the project, culturally appropriate sample destruction could be accomplished. A key outcome from these community meetings was that the right-to-know for each individual had to be respected; all results should be returned to each participant, even if they were difficult to interpret from a health risk perspective.

Agreements {#S0002-S2003}
----------

Throughout this process, the research team worked closely with community leaders to develop a Community Research Agreement (CRA) for each participating community. The CRA clarified the responsibilities and expectations of the research team and each participating community, defined the scope of the work, articulated the expected benefits and outcomes of the study, stated principles of informed consent and proposed a data management plan. The Chief from the pilot community (the first community to participate) provided critical advice for several aspects of the CRA, including translation of documents, potential sampling dates, important training material for hiring of local research coordinators and design of a protocol for the destruction of hair samples in a culturally appropriate manner. This process was carefully outlined to respect the rights of First Nations communities to own, control, access and possess information (OCAP®) about their peoples and comply with all aspects of the principles of First Nations data collection, protection, use and sharing \[[28](#CIT0028)\]. OCAP® are principles established to properly conduct research with First Nations and provides standards to insure they remain stewards of their information. The principles of OCAP® were incorporated into the design and implementation of the study described herein. Expressed written consent of the leaders from participating First Nations is required prior to the dissemination of project results via publication or media contact. Memoranda of understanding were also developed to outline financial agreements between the research group and all participating communities, as well as between researchers and local health centres, for the hiring of registered nurses. Partnerships with regional health authorities enabled the research team to hire registered nurses who were responsible for the collection of blood samples over the course of the study.

Research and ethics licences {#S0002-S2004}
----------------------------

In preparation for the project, the research team received ethics clearance for the design and methods, and then annual ethics approval for each subsequent year of the project. Ethics and licensing reviews were conducted by the University of Waterloo Research Ethics Committee, the Stanton Territorial Health Authority (STHA) for Human Research and the Aurora Research Institute. Health Canada ethics approval was also obtained regarding additional analysis of the biobanked samples that were placed in a long-term archive.

Preparation of communities {#S0003}
==========================

Training of local coordinators {#S0003-S2001}
------------------------------

Project funds supported the hiring of local research coordinators, each of whom signed a Confidentiality Agreement to protect the personal information of participants. Depending on the size of the community, 1--2 local research coordinators were hired to assist with logistics, participant recruitment and survey administration during the study. All local coordinators participated in a 3-h training programme (via teleconference or video conference) that provided an overview of the project, pertinent information regarding confidentiality, the process of random recruitment selection and lastly the recruitment procedure. In addition, each coordinator completed 3 h of onsite field training to familiarise themselves with the procedures for hair and urine sample collection, as well as the administration of the surveys and questionnaires. The coordinator's role included describing the informed consent process to each participant, and assisting with the implementation of the project by overseeing participant recruitment and facilitating completion of the clinical component with participants. During the biomonitoring clinic, the coordinators were responsible for assisting the researchers in explaining the various components of the study and verifying consent from participants, collecting samples of hair for chemical analysis, assisting in the shipping process and supporting participants in the completion of the electronic surveys.

Incorporating local knowledge {#S0004}
=============================

TK is defined by the United Nations Educational, Scientific and Cultural Organization (UNESCO) as the *Knowledge, innovations and practices of Indigenous and local communities around the world* \[[29](#CIT0029)\]. In addition, the Assembly of First Nations mentions that it is a collective knowledge unique to Indigenous communities, which includes food preparation and beliefs \[[30](#CIT0030)\]. TK was integrated within several components of the contaminants biomonitoring study. Local perspectives provided by residents of the Dehcho and Sahtú regions during community consultations helped to ensure that the mission and design of this research addressed the priorities and concerns of Indigenous people of the NTs, respecting local beliefs. For example, the method for hair incineration following the project's completion was modified to reflect local cultural and spiritual beliefs. Furthermore, the study incorporated the knowledge of local harvesters and hunters in the development of the dietary surveys. This local knowledge was crucial to ensure that the questionnaires used locally relevant terms to describe country foods, and that those foods could be recognised by individuals in participating communities. Other important facets of local knowledge that were incorporated within the dietary questionnaire included the seasonality of foods, the availability and consumption of the types of food specific to each community, and the methods by which food is often prepared. The research team will continue to explore the ways by which TK can be incorporated into the creation and dissemination of project results.

Language and its role in defining and understanding concepts played a prominent role in the design of the study. Terminology workshops with Elders and local leaders were organised in collaboration with the Sahtú Renewable Resources Board, helping to clarify conceptual differences in language and the meaning of words between researchers and community members from participating communities. For example, this process illustrated that the term *contaminant* was sometimes conceptualised and translated into *a substance that kills*. Such a provocative definition had the potential to inflame anxieties and was inappropriate for use within biomonitoring research. As such, in collaboration with Elders and local language experts, options for how to translate each of the identified terms of interest were discussed, and the group arrived at a new translation for several words. Through the terminology workshop, contaminant became: *substance that got into it* \[another\] (Ası̨́ı̨́ beta ɂajá). Time was spent during the terminology workshop to work through more meaningful and accurate translations for several words used in the biomonitoring project.

Project components and implementation {#S0005}
=====================================

The biomonitoring project included biological sample collection (hair, urine and blood), a pair of dietary surveys evaluating food usage patterns, and a health messages survey assessing participants' awareness and perceptions of contaminant issues. An overview of each of these six components is described in [Table 1](#T0001).10.1080/22423982.2018.1510714-T0001Table 1.The components of the data collected.ComponentDescriptionObjectiveContact informationName, address or postal office box number, phone number.Contact to return results.DemographicsAge, sex, ethnicity (First Nation/Métis/other).Characterise the distribution of participants and identify groups at risk.Other informationHeight, weight, food consumption in the previous 2 h, alcohol/smoking/medications on the day of the sampling.Better interpret the results from the biological results.24h recall questionnaireQuestionnaire on all the foods consumed during the previous day.A complement to the FFQ, it provides a good picture of country food intake with relationship to store bought foods. Also brings details on the nutritional intake. It helps to interpret biological levels.Food Frequency Questionnaire (FFQ)Questionnaire specifically on country foods consumed over the last year. Includes questions on the types of foods, frequency, portion size, cooking methods.In complement to the 24 h recall, it provides usual food behaviour related to country foods and identify country foods the most consumed. This questionnaire can be used to reconstruct contaminant intake over the year.Health Messages SurveySurvey on the awareness of health messages on contaminants, on the perception of risk related to contaminant exposure, and on the preferred ways to get information.The answers will provide information to design a relevant strategy for the key messages coming from the data.Hair collect and testingA small full length lock of hair is collected.Mercury analysis is done for the 2 last months of exposure.Blood collect and testingA registered nurse collects 18 ml of blood.Metals are quantified in whole blood. Organic pollutants and fatty acids are measured in plasma.Urine collect and testingA spot urine is collected.Metals are quantified in urine.

Pilot community {#S0005-S2001}
---------------

As per the recommendation of the First Nations Biomonitoring Initiative \[[31](#CIT0031)\], before delivering the project across the Dehcho and Sahtú regions, the research team conducted a pilot study, including the sample collection clinic, in one of the participating communities. This was done to refine the project tools and logistics. The pilot community was chosen according to the initiative and interest of community members as well as Chief Gladys Norwegian's (Jean Marie River First Nation, NT) strong support for the project. This pilot project helped to ensure that the project design was relevant to community needs and context, verify the recruitment process, establish an expected participation rate and refine the project logistics (eg transportation of equipment and samples). The pilot community also provided direction to the return of results strategy.

Questionnaires used in the project were previously validated during a focus group with community members. Focus groups were held with local harvesters to ensure that the foods included in the questionnaire were relevant to the region and referred to foods using names that participants would recognise. Additionally, the food frequency survey was validated through an open community forum as well as through a test/re-test approach.

Communication {#S0006}
=============

Communications with collaborators and partners {#S0006-S2001}
----------------------------------------------

The research team provided project partners (including the Government of the Northwest Territories Department of Health and Social Services (DHSS), Northwest Territories Regional Contaminants Committee, Northwest Territories Health and Social Services Authority (NTHSSA) for the Dehcho and Sahtú regions, AAROM, and the Sahtú Renewable Resources Board (SRRB)) with periodic updates by phone or email. In addition, the research team regularly participated in the Sahtú Environmental Research and Monitoring Forum, providing further opportunities for the research team to liaise with community delegates and other researchers working in the Sahtú Region.

Communication with participants and communities {#S0006-S2002}
-----------------------------------------------

Community leaders continue to receive a seasonal newsletter and bi-monthly updates by phone or email of the study's progress within the NTs. The communication strategy with participants was adopted to reassure participants of the commitment, accessibility and presence of the research team in conducting the contaminants biomonitoring study, and to recognise the importance of participant and community involvement in this research. This strategy also served to foster long-term trust and meaningful relationships with participating communities. Handwritten post cards were sent between data collection and the returning of the results to thank participants and outlined when results would be communicated. Additionally, social media accounts were created to enhance the impact and visibility of the study in participating communities, and to improve its accessibility to study participants. Furthermore, social media became an important avenue by which the research team was contacted to conduct interviews with local media (eg local newspapers, radio). Social media has previously been identified as a means of increasing the impact and the accessibility of research for participants, including participants living in Indigenous communities \[[32](#CIT0032),[33](#CIT0033)\].

The return of results {#S0007}
=====================

Principles guiding the return of results were established through direct consultation with participating communities and project partners. These principles included: i) all participants receive their own individual results and ii) all participating communities would receive their community-specific, aggregate results. Although emphasising the "right-to-know" can be challenging (ie for its potential to lead to misunderstandings and/or counter-productive interventions as the health implication is sometime unclear) \[[34](#CIT0034)\], this approach can help foster more transparent relationships and trust in science and study participants, and can leverage health promotion and increased empowerment \[[35](#CIT0035)--[37](#CIT0037)\]. Further, community consultations indicated that respect for OCAP® principles would require the project team to return all biomarker results to participants and communities. To guide this process, a Scientific Advisory Committee (including representatives from the office of the Chief Public Health Officer, the Regional Contaminants Committee of the Northwest Territories, and Health Canada) was created in 2016.

This Scientific Advisory Committee assisted with results dissemination by providing input on the: a) design of individual results letters; b) creation of plain-language community reports and c) plans for public results forums in participating communities. In particular, this Committee informed the research team of the establishment and delivery of public health messaging related to contaminant exposure in the NTs. This process helped ensure that this messaging reinforced advice (eg General Fish Consumption Guidelines) previously published by the DHSS. Additionally, the committee provided feedback on the development of factsheets for local clinicians and medical practitioners, providing additional insights on contaminant exposure profiles and guidance values.

Community level {#S0007-S2001}
---------------

After all analyses were completed and results were prepared for dissemination (approximately 6--10 months after the sampling period), the research team organised a preliminary results phone meeting with community leaders to summarise key messages and findings. These key messages were also provided prior to meetings in the form of community-specific short reports. After the community results forum, a full report was refined according to feedback and concerns from the community, and delivered to community leaders. These reports summarised community-specific results in terms of participant demographics, food intake patterns and biomarker levels. Further, exposure biomarkers were reported for all the compounds analysed and compared with: i) the results from previous studies (Canadian Health Measure Survey, First Nations Biomonitoring Initiative) and ii) health-based tissue guidance values. This information helped establish baseline levels for participating communities, which enables communities to monitor any changes in exposure over time.

Participant level {#S0007-S2002}
-----------------

All study participants who provided a hair, urine and/or blood sample received a confidential, plain-language letter detailing their contaminant exposure profiles. These letters were composed in an effort to: i) provide sufficient context so that the results were meaningful without going into so much detail as to make them overwhelming and ii) emphasise the general healthfulness and importance of country foods. Each participant letter emphasised that levels of exposure above the population average do not necessarily imply that the participant's health is at risk. Additionally, the letters incorporated several general recommendations on the types of actions individuals can take to lower their exposure to potentially harmful contaminants. With the feedback of participants from the pilot community, the researchers designed a results letter including a colour-coding system to classify the five categories of results describing whether the results exceeded the available guidance values (see Supplemental Information) in order to simplify the information provided in the letter and better communicate results. Additional materials (eg values for comparison) were available on request. On the first page, a preview of the results for three of the most harmful contaminants (ie mercury, cadmium and lead) was expressed both in value, and as a colour-coded system. The letter contained eight pages that included a letter summarising the participant's results, a table with the participant's results, recommendations on how to lower personal exposure to contaminants, as well as the General Fish Consumption Guidelines previously published by the Government of the Northwest Territories. The research team provided results letters in person to each participant. In the event that participants were not available while the research team was in the region, the local coordinator was placed in charge of delivering the letter to the participant in the following weeks. Follow-up testing was offered to participants with biomarker levels exceeding health-based guidance values.

Media and scientific results dissemination {#S0007-S2003}
------------------------------------------

After the community meeting was held and participants had received their results, community leaders were asked to provide feedback on their experiences with the communication and return of results. Results were described through the media or scientific presentations only after participants and communities had received their results. Throughout this process, the research team ensured that no mention was made of any individual's results nor information which could potentially identify a study participant.

Data management and governance {#S0008}
==============================

All data collected in the contaminants biomonitoring study are personal and confidential. As such, data management plans have been designed to protect the information of communities and individuals. An electronic password-protected results file was created on an encrypted computer to secure all information considered personal or where potentially identifying characteristics (eg name, age, sex) were recorded. All other documents and samples were coded by a unique participant identification number and do not contain any identifiable information, whether direct or indirect. Participants' consent forms and data collection sheets are kept in a locked cabinet in a locked room in a secure wing of the School of Public Health and Health Systems at the University of Waterloo.

Each participant has the right to withdraw from the study without loss of remuneration. All samples will be discarded after 10 years through the University of Waterloo's Environmental Safety Facility. Urine and blood will be incinerated as biological waste. As per the guidelines from the University of Waterloo Research Ethics Board, data will be erased after a period of 25 years. Per a request by community leaders to ensure that the destruction and disposal of human hair samples respects and integrates culturally relevant practices, all human hair will be burned while a prayer from a spiritual leader is recited.

Collaborative future work {#S0009}
=========================

Community involvement {#S0009-S2001}
---------------------

The research team continues to pursue opportunities to remain involved and maintain meaningful relationships with the communities that participated in the contaminants biomonitoring study. Annual on-the-land and community research meetings are being used to maintain visibility and impact within the region. Further capacity building opportunities are being explored, including but not limited to: the hiring of community-based social media-savvy young adults in order to maintain lines of communication between the research team and community participants, and training of local research assistants on a field-portable direct mercury analyser to enable community-based, participatory sample collection and data analysis for mercury biomonitoring. This work has been based in the Dehcho and Sahtú regions; however, similar issues and concerns are present in the other regions of the Canadian north. As such, the research team remains committed to working with interested communities to launch this type of work in other parts of the Canadian subarctic and Arctic.

Integration with research being conducted in the Northwest Territories {#S0009-S2002}
----------------------------------------------------------------------

The contaminants biomonitoring study is complementing a long history of environmental monitoring in the NTs, a trend that is becoming increasingly associated with human health monitoring. Hair, blood and urine sampling \[[37](#CIT0037)--[41](#CIT0041)\], and country food consumption \[[42](#CIT0042)\] have been previously assessed in an effort to monitor contaminant exposure in the Canadian North. This study serves to provide a greater understanding of the inherent linkages between country foods, nutritional status, contaminant risk and human health in First Nations communities of the Canadian subarctic. The measurement of contaminants outside of the NCP mandate through the biobank will enable a better understanding of the impacts of contaminant exposure from store-bought foods, in comparison with contaminants found in the environment and in country foods. This study represents one of the first efforts to characterise the perception and awareness of risk from contaminant exposure, and to evaluate the methods of communication most effective in communicating this risk within Indigenous communities of the NTs.

The collaborative work crosses several disciplines and the interdisciplinary research team facilitates better methodological processes addressing the challenges related to community-based research \[[13](#CIT0013)\]. The co-location of the project with numerous other research projects (eg wildlife and fish contaminant monitoring) is directly supporting our efforts to understand pathways of contaminants exposure, and how social change, climate change, harvest levels and resource development may affect contaminants exposure in the future. Integrating traditionally segregated disciplines, such as aquatic ecology, food choice and human ecotoxicology, is not only consistent with the Indigenous world view that humans are a vital and integral part of natural ecosystems, but is also allowing the research team to explain to communities why some traditional foods have higher levels of contaminants than others. In one community, this has led to a mitigation strategy: intensive fishing is being used to lower fish mercury levels in a lake with particularly high concentrations. In other communities, members of our team explain how contaminants get to remote regions and build up in food chains. This "demystification" of contaminants is contributing to development of mitigation and risk management strategies. Finally, the research team continues to work closely with community leaders and decision-makers at the territorial level to consider how the sociocultural implications of this research can be applied in multiple contexts (eg through global policy, public health advisories, health promotion and finally the dissemination of scientific findings).

Conclusion {#S0010}
==========

The research team will continue working with community and territorial representatives to: 1) ensure that any follow-up biomonitoring continues to address community concerns; 2) identify any potential sources of contaminant exposure and 3) consider practical and efficient approaches by which people can lower their exposure. Country foods provide the people of the NTs with a host of nutritional, economic, social and cultural benefits. Therefore, it is important that messages about contaminants and country foods are carefully designed so as to balance their associated benefits and risks. It was essential for the design of the contaminants biomonitoring study described herein to integrate the sociocultural characteristics of participating communities. The results of this project will report on the links between contaminant exposure, nutritional status and country food use, and will provide important baseline data in this specific region. The outputs of this project will serve to support the development of governance and messaging tools, public health interventions and health policies that maximise the nutritional, cultural and spiritual benefits of traditional food systems while minimising the risks associated with contaminant exposure in Indigenous communities of the NTs.
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